Summary
The influence of the content of plasticiser and disperse carbon fibre on the radiophysical characteristics of filled film radio-absorbent materials is investigated.
Film radio-absorbent materials (FRAMs) are being widely used to ensure electromagnetic compatibility of electronic apparatus, to protect personnel from electromagnetic radiation (EMR), and also to create special-purpose packaging. The technological principles of FRAM production presuppose the introduction and uniform distribution of conducting fillers in the dielectric polymer matrix [1] [2] [3] [4] [5] .
The preferred systems for introducing and uniformly distributing conducting fillers of different chemical nature in the polymer matrix are low-and medium-viscosity solutions, dispersions, and also plastisols of polyvinyl chloride (PVC). The latter are widely used to produce modern films and artificial leathers of different degrees of elasticity, which can be controlled by the plasticiser content.
It is evident that an increase in the plasticiser content in the polymer matrix facilitates the process of mixing of the paste components, and enables the amount of filler to be increased, which is necessary when manufacturing FRAMs.
The aim of this work was to investigate the influence of the plasticiser content on the radiophysical properties of FRAMs based on PVC.
The investigation was conducted on films of 0.8-1.0 mm thickness, based on PVC of grade Lakovil RV-1704 plasticised using dioctyl phthalate (DOP) according to the GOST 8728-88 standard. The DOP content was 70 and 100 parts per 100 parts PVC. The conducting filler was disperse carbon fibre of grade UGTsV-1 with a length of 5 ± 1 mm and an electrical resistivity of 0.035 Ω cm. The content of carbon fibre ranged from 0.25 to 1.25 parts per 100 parts PVC, with a variation step of 0.25 parts. The films were produced by application onto glass using a 1 mm spreading knife. FRAM gelatinisation was carried out at a temperature of 175 ± 5°C for 5 ± 2 min.
One of the most common and accessible criteria for assessing the effectiveness of radio-absorbent materials is the magnitude of reflectance with a normal drop in electromagnetic radiation. To determine the radiophysical characteristics of the obtained FRAMs, reflectance was measured using panoramic voltage standing wave ratio (VSWR) sensors of type R2 with a waveguide window load in matching horn aerial form. To measure the reflectance, the specimen was placed on a metal support oriented normally to the incident electromagnetic wave.
The frequency dependences of reflectance of FRAMs of different composition are presented in Figures 1 and 2 .
Analysis of the data obtained showed that the frequency characteristics of reflectance of FRAM specimens depend only on the content of carbon fibre and are not dependent on the DOP content. Thus, by varying the amount of plasticiser, it is possible to increase the content of radio-absorbent filler in the material to ensure the necessary reflectance level.
In spite of the fact that energy losses are determined by the content of carbon fibre in the material, its excessive increase leads to an increase in reflection of the incident electromagnetic radiation from the outer boundary of the Plasticheskie Massy, No. 5-6, 2016, pp. 41-43 Radio-absorbent material based on polyvinyl chloride filled with disperse carbon fibre FRAM. This effect is observed with a content of carbon fibre of over 1.0 parts (Figures 1 and 2, curve 5 ). This is due to non-matching of the characteristic impedances of free space media and of the material owing to the emergence of intrinsic through-conduction of the FRAM. According to theoretical concepts, through-conduction of radio-absorbent material arises at a certain critical concentration of the conducting filler, leading to growth in the imaginary part of dielectric permittivity [2, 4] .
A special feature of the FRAMs obtained is the relatively low effectiveness of absorption of the lowfrequency range of electromagnetic radiation. Thus, fulfilment of the condition of the reflectance of the material being less than 10 dB (10% reflection of incident energy of EMR, which is sufficient for practical use) depends on the carbon fibre content. This condition is satisfied at frequencies greater than 30-32 GHz for FRAM specimens with a carbon fibre content of 1.0 part.
One of the ways to broaden the frequency range of EMR absorption is to use multilayer materials possessing several plane-parallel layers with different concentrations of conducting disperse filler. Here, the outer layer of such materials contains the minimum amount of filler in order to minimise the reflection of the incident electromagnetic wave from the interface of the media. The filler concentration in each successive layer of the material increases by a certain law -often an exponential law. Radio-absorbent materials (RAMs) of this kind can be categorised as gradient-type materials [1, 2, 4] .
On the basis of theoretical data, two-layer radioabsorbent materials were obtained by combining FRAM specimens with a plasticiser content of 70 parts. The outer layer was a film containing a minimum amount of carbon fibre of 0.25 parts. As the second layer of the material, films with a carbon fibre content of 0.5, 0.75, and 1.0 part were alternated. The thickness of the twolayer FRAMs accordingly amounted to 2.0 ± 0.3 mm.
To obtain the comparative frequency characteristic of reflectance, a FRAM specimen of 2.0 mm thickness with a plasticiser content of 70 parts and a uniform distribution of carbon fibre throughout its volume in a quantity of 1.0 part per 100 parts PVC was selected. The choice of this carbon fibre concentration in the material was dictated by the best indices of reflectance of a similar FRAM specimen of 1.0 mm thickness ( Figure 1, curve 4) .
The frequency dependences of reflectance of a singlelayer FRAM and of multilayer RAMs are given in Figure 3 .
The reflectance of the two-layer RAMs ( Figure 3,  curves 2, 3, and 4 ) has values of less than 10 dB, starting at frequencies of 15-18 GHz or more. Here, for a FRAM specimen of similar thickness with a uniform distribution of carbon fibre, a reflectance of less than 10 dB is observed only with a frequency of 25 GHz.
In the building up of FRAMs containing carbon fibre in a quantity of 0.25 and 0.5 parts (Figure 3, curve 2) , material of interference-type absorption with minimum reflectance at frequencies of 20-28 GHz has been obtained. The absorption of EMR by materials of this type is based on the phenomenon of the superimposition of reflected waves from several surfaces [1, 2, 4] . Taking into account that disperse carbon fibre is acting as the 
